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2 Machabeli et al.
Basing on the similarity of the microstructure time-
scales over the broad frequency range, Lange et al. (1998)
claimed that the micropulse duration is generated by the di-
mension of the emitting structure. Below we argue that the
microstructure is caused by alteration of radio wave gen-
eration region by nearly transverse drift waves propagat-
ing across the magnetic eld and encyrcling the open eld
lines region of the pulsar magnetosphere. Our mechanism
explains naturally important features of microstructure.
2 EMISSION MODEL
It is generally assumed that the pulsar magnetosphere is
lled by dense relativistic electron-positron plasma ow-
ing along the open magnetic eld lines, which is gener-
ated as a consequence of the avalanche process rst de-
scribed by Goldreich & Julian (1969) and developed by
Sturrock (1971). This plasma is multicomponent, with a
one-dimensional distribution function (see Fig. 1 in Arons
1981), containing: (i) electrons and positrons of the bulk










, stretched in the direction of pos-




















] (where P is a pulsar period,
R
0
is a neutron star radius, B
0
is a magnetic eld value at
the stellar surface and r is a distance from the neutron star's









Such a distribution function should generate various wave-
modes in certain conditions. These waves then propagate in
the pair plasma of a pulsar magnetosphere, transform into
the vacuum electromagnetic waves as the plasma density
drops, enter the interstellar medium, and reach an observer
as the pulsar radio emission.
An important feature of the pulsar radio emission is
that the circular polarisation is observed in the vicinity of
the maximum of a pulse (see, e.g. Taylor & Stinebring 1986).
At the same time, the exact maximum of the pulse power
corresponds to the zero circular polarisation (as the latter
changes its sign). This means that the waves leave the mag-
netosphere propagating at relatively small angles to the pul-
sar magnetic eld (Kazbegi et al. 1991b).
An extensive analysis have been conducted (Volokitin
et al. 1985; Arons & Barnard 1986; Lominadze et al. 1986) in
order to study the dispersion properties of the waves prop-
agating through the highly magnetised relativistic electron-
positron plasma of pulsar magnetospheres. In the general
case of oblique propagation with respect to the magnetic
eld three dierent wavemodes can be distinguished, these
are: (i) the purely electromagnetic X-mode (also called t-
wave), (ii) the subluminous Alfven mode (lt-wave) and iii)
the superluminous O-mode (L-wave). The last two modes





of the O and A-modes lie in the
(kB) plane, while the electric eld of the X-mode E
X
is
directed perpendicularly to this plane. Here k a wave-vector
and B is a local magnetic eld.
Particles moving along the curved magnetic eld un-














is the curvature radius of the
dipolar magnetic eld line,  is the relativistic Lorentz factor
of a particle, and v
'
is a particle velocity along the magneic
eld line. Here and below the cylindrical coordinate system
(x; r; ') is chosed, with the x-axis directed transversely to
the plane of the magnetic eld curvature, while r and ' are
the radial and azimuthal coordinates, respectively.
Generation of X and A-modes is possible after satisfac-



















u = 0; Cherenkov instability : (3)
These conditions are very sensitive to the parameters of the
magnetospheric plasma, particularly to the value of the drift
velocity (equation 1), hence to the curvature of magnetic
eld lines (Kazbegi et al. 1996).
Let us notice that the Plasma model is in accordance
with observed systematic increase of component separation
and prole widths with decreasing frequency, often called
radius-to-frequency mapping (RFM). The RFM implies that
the generation region is restricted to narrow range of alti-
tudes. Besides, low-frequency waves are generated at rela-
tively lower altitudes within this region. Namely, provided
that magnetic eld is dipolar far from the stellar surface,






















in the case of the Cherenkov (equation 3) mechanism
(Kazbegi et al. 1991a). It is obvious that both mechanisms
satisfy RFM, hence the emission region is localised to dis-
tinct altitudes.
3 GENERATION OF DRIFT WAVES
It was shown (Kazbegi et al. 1991c, 1996) that in addition
to the X and A-modes (whose characteristic frequencies fall
into radio band) propagating with small angles to the mag-
netic eld lines, the very low-frequency nearly transverse
drift waves can be excited. They propagate across the mag-
netic eld, so that the angle  between k and B is close to




























! 0, dispersion equation of the drift wave writes
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where u
b
is a drift velocity of the beam particles (equa-
tion 1). Integration in parts and summation over the sorts
















































where subscripts 'p' and 'b' denote values of the quanti-
ties corresponding to the bulk of plasma and the beam,






!a) has been ne-
























Neglecting the second and the third terms in equa-
tion (8), and solving this equation for the imaginary part
of the complex frequency jaj     Im!, we obtain that




































The drift waves propagate across the magnetic eld and
encircle the region of the open eld lines of the pulsar magne-
tosphere. They draw energy from the longitudinal motion of
the beam particles, as in the case of the ordinary Cherenkov





6= 0, i.e. in the presence of the drift motion of the beam
particles. Note that these low-frequency waves are nearly
transverse, with the electric vector directed almost along
the local magnetic eld.
4 THE MODEL FOR MICROSTRUCTURE
Let us assume that a drift wave with the dispersion de-
ned by equation (9) is excited at some place in the pulsar













for such a wave. There-
fore, excitation of a drift wave causes particular growth of
the r-component of the local magnetic eld.




is dened in a Carte-























. Using (rB) = 0 and rewriting































































From equation (14) it follows that even a small variation of
B
r





Thus, the drift wave aects signicantly the curvature
of magnetic eld lines, which in turn alters the drift velocity
(equation 1) of particles. On the other hand, the resonance
conditions (2) and (3), which in the Plasma model are re-
sponsible for the radio wave generation in pulsar magneto-
spheres, are very sensitive to the parameters of the magneto-
spheric plasma, particularly to the value of the drift velocity
u. Therefore, any variation of the magnetic eld line curva-
ture aects strongly the process of waves excitation. It fol-
lows that, within the generation region, the resonance con-
ditions can be fullled only at the denite places ('emitting
spots'), corresponding to the denite ('favorable') phases of
the drift wave. The characteristic linear size 
m
of a single
emitting spot should be of order of the half-wavelength of







Assuming that the generation region corotates with a
pulsar and introducing the altitude R
em
of this region from
the stellar surface, we can estimate the characteristic time


































is a dimensionless altitude of the gener-
ation region from the stellar surface measured in the units
of the light cylinder radius R
LC
 5  10
9
P [cm]. Let us
calculate the drift wave-number in the generation region




), for the magnetospheric parameters used in the
Plasma model (
p
 3 and   10
6
). Note that according
to this model radio emission originates at R
em
= 0:5 0:2.
























s, which agree well with









 0:5 corresponds to the
typical observed micropulse width of about 20 s, whereas






account for the time-scales corresponding to the upper limit
of the microstructure widths distribution. From the model
presented above naturally follow all the other features of the
microstructure.
An observer distinguishes between the micropulses by
their width which in turn is determined by the wave-length
of the drift wave. On the other hand, the position of the
emitting spots depends on the latitude, as it follows from
equation (14). At the same time, the generation region, al-
tered by the drift wave, is rather localised in both mecha-
nisms (see equations 2 and 3), and the broad band of ra-
dio waves with dierent frequencies is excited there. So the
observer detects dierent frequencies which are coming al-
most from the same place of the magnetosphere, i.e. from
the same altitude and latitude. This explains the stability
of the micropulse phase with respect to the pulse ducial
point at dierent frequencies. The quasi-periodic trains of
micropulses observed at widely separated frequencies thus
correspond to favorable phases of a drift wave.
From equation (11) it follows that the growth rate of
drift waves increases with the altitude from the stellar sur-
c
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face. Hence, the alteration of the generation region by these
waves is stronger at higher altitudes where the lower fre-
quencies are excited (equations 2 and 3). This explains why
the probability of microstructure detection, as well as its
modulation depth, decrease at higher frequencies.




for the drift waves,
there still exists some non-zero k
'
. From equation (9) it fol-









it away from the resonance region. This implies that the





















is a longitudinal size of the generation re-
gion and R
em
is the same but in the units of the light
cylinder radius. Assuming that R
em
 0:4 we obtain for
the 'typical' pulsar (with P = 0:5 s) that t
m





 0:03  1. This corresponds to the observed upper
bound of the micropulse typical life-time.
5 SUMMARY
In this paper we attempt to explain the existence and various
properties of the microstructure in the pulsar radio emission
basing on the Plasma model. According to suggested mech-
anism, the radio wave generation region is strongly altered
by so called drift waves. These nearly transverse waves prop-
agate across the local magnetic eld, encyrcling the whole
bundle of the open magnetic eld lines, and cause signicant
change of eld lines' curvature. This alters the curvature
drift velocity (equation 1), therefore inuencing fulllment
of the resonance conditions (equations 2 and 3) necessary
for excitation of radio waves. Thus, radio waves are gener-
ated only at the denite regions (emitting spots) placed at
approximately the same altitude from the star but dierent
latitudes, corresponding to denite phases of the drift wave.
The time-scale of the micropulses is thus determined by the
characteristic time needed to the observer's line of sight to
sweep an emitting spot with characteristic transverse size
being about half-wavelength of the drift wave (equation 15).
Characteristic times estimated from our model are in a good
accordance with the typical observed time-scales of the mi-
crostructure.
Most of the important features of the microstructure are
successfully explained by the model presented in this paper.
However, we would like to stress that the results of the model
are qualitative, and it does not pretend to strict quantitative
explanation of all the existing observational data.
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